The present study explores the dietary eŠect of pectin on the MLN lymphocyte functions of mice with dextran sulfate sodium (DS)-induced colitis. We found that the immunoglobulin (Ig)A level in mesenteric lymph node (MLN) lymphocytes was high, while the IgE level was lower, in mice fed with pectin than in those fed with cellulose. Interestingly, the fecal IgA concentration of the pectin-fed mice was signiˆcantly higher than that of the cellulose-fed mice. The concentrations of interferong and interleukin (IL)-2 treated with concanavalin A (ConA) were signiˆcantly higher in the pectin-fed group than in the cellulose-fed group. Although dietary pectin did not aŠect the IL-4 and IL-10 levels, the activationinduced IL-4 and IL-10 secretion was lower in MLN cells of the pectin-fed mice than of the cellulose-fed mice following DS-induced colitis. Based on theseˆnd-ings, we propose that the eŠect of dietary pectin on mice with DS-induced colitis is mediated by the manipulation of Th1 cells. Furthermore, the inhibitory eŠect of IL-4 and IL-10 by dietary pectin may play an important role in promoting a change in Th1 W Th2 balance toward Th1-dominant immunity.
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In‰ammatory bowel disease (IBD), including Crohn's disease (CD), and ulcerative colitis (UC) are chronic, relapsing, and remitting conditions of unknown origin. IBD exhibits various characteristics of immunological in‰ammation, aŠecting at least one in 1,000 people in Western countries. 1, 2) An increasing amount of evidence shows that the immune system plays a critical role in the development and perpetuation of UC and CD.
3) Previous studies on humans for the pathogenesis of IBD 1, 2, 4) have implicated an impaired mucosal barrier function, marked innate immunity, the production of cytokines, and the activation of CD4 ＋ T cells. Proin‰ammatory cytokines have been shown to be involved in the initiation and perpetuation of IBD. 5, 6) Recent studies have shown that the production of such cytokines as tumor necrosis factor (TNF)-a, interleukin (IL)-1, IL-6, and IL-8 at the sites of in‰ammation were markedly enhanced in patients with UC and in those with CD. [7] [8] [9] The results of therapeutic trials on cytokine manipulation in such patients further support the idea that cytokines are important in the pathophysiology of these diseases. 4, 10, 11) There has been increasing recent interest in both the physiological and pharmacological eŠects of dietaryˆber. 12, 13) We have previously reported that water-soluble dietaryˆber might have an immunoregulatory function in the intestinal immune system. [14] [15] [16] In addition, dietary pectin might regulate immunoglobulin (Ig) production by mesenteric lymph node (MLN) lymphocytes, and it was suggested that pectin exerted anti-allergic activity. 14, 17) Our previous results have shown that the eŠect of dietary pectin was exerted through Th1 cells. 14, 15) IFN-g production and IL-2 receptor expression are both increased with dietary pectin in the MLN. 14, 15) Th1 cytokines as IFN-g and IL-2 can oppose the Th2 function and W or its development, and thereby inhibit the production of IL-4 and IL-10. In addition, dietary pectin inhibits the synthesis of the pro-in‰amma-tory cytokine, TNF-a. We therefore examined whether dietary pectin would have an eŠect on Th1 in improving the immunological expression of colitis by showing a decrease in the production of intestinal in‰ammatory parameters such as IL-4 and IL-10 by Th2 cells.
Many studies have shown that the water-soluble dietaryˆber, pectin, is an important precursor of those substrates necessary for the intestinal structure and function. [18] [19] [20] However, few studies have examined the eŠects of pectin by utilizing a model involving chemotherapeutic-induced colitis. The purpose of this current study is to evaluate the intestinal immunoregulatory eŠects of pectin on dextran sulfate sodium (DS)-induced colitis in mice. The oral administration of DS to mice induces colitis resembling human UC. This model shows signs corresponding well to the clinical signs of IBD in humans and can serve as a reliable model for studies of this disease. 2) In the present study, we focused on the response of MLN lymphocytes in mice after DS-induced colitis, and found a signiˆcantly greater eŠect of dietary pectin on Ig and cytokine production compared than that cellulose.
Materials and Methods
Materials. Pectin (from apple) was purchased from Sigma (St. Louis, MO, U.S.A), as were concanavalin A (ConA) and dextran sulfate sodium (DS). ConA and DS were dissolved in phosphate-buŠered saline (PBS at pH 7.4) or water and used for the cell culture experiments. Monoclonal antibodies and cytokines were purchased from ID Labs (Ontario, Canada), the antibodies for IgA determination were purchased from Zymed Laboratories (San Francisco, CA, U.S.A.), and the antibodies for IgE determination were purchased from Biosource International (Comarillo, CA, U.S.A.). The enzyme-linked immunosorbent assay (ELISA) for mice IgE and IgA used 0.05z Tween 20 in PBS (TPBS) for rinsing and Block Ace (Dainihon Pharmaceutical Co., Osaka, Japan) for blocking and dilution of the antibodies as described previously. 4, 15, 21, 22) All other reagent-grade chemicals were purchased from Sigma (St. Louis, MO, U.S.A.).
Induction of colitis. Colitis was induced by feeding drinking water supplemented with 5z DS. This model has been described in detail previously.
23) The cellulose mice were treated in a similar manner with drinking water containing no DS.
Study design and diets. Four-week old female Balb W c mice were obtained from Samtako Bio Korea (Osan, Korea). All animal-care techniques were performed within the guidelines approved by the Institutional Animal Care and Use Committee. The animals were maintained on a 12-h-dark-light cycle and allowed free access to a non-puriˆed pelleted diet and tap water under a controlled temperatures (25± 29 C). They were given a 7-day adaptation period prior to starting the experimental protocol, the mice were given the AIN-76 diet 24) and drinking water ad libitum. The mice were then divided into four experimental groups (6 mice in each group): (1) The cellulose group was fed on the cellulose-based AIN-76 diet and drinking water without DS for 5 days. After 5 days, this group had free access to the AIN-76 diet for 2 weeks. (2) The DS＋cellulose group had acute colitis induced by feeding DS to the mice for 5 days. After these mice had been returned to plain drinking water, they were given the AIN-76 diet for 2 weeks. (3) The Pectin group was fed on the AIN-76 diet and drinking water without DS for 5 days, and then pectin was added to the diet at the 5z level in place of cellulose in the AIN 76 diet for 2 weeks. (4) The DS＋pectin group acute had acute colitis induced by feeding the mice for 5 days with 5z DS, before returning to plain drinking water. The mice were given the AIN 76 pectin-supplemented diet for 2 weeks.
Preparation of mesenteric lymph node lymphocytes. MLN was excised from the Balb W c mice, and lymphocytes were squeezed out into an the RPMI 1640 medium (Invitrogen Corporation, Grand Island, NY, U.S.A.). After incubating the cells at 379 C for 30 min to removeˆbroblasts, 5 ml of the cell suspension was layered on 4 ml of Lympholytemice (Cedarlane, Hornby, Canada), before being centrifuged at 1,500×g for 30 min. The lymphocyte band at the interface was recovered, and the cells were rinsed three times with the RPMI 1640 medium. The lymphocytes were cultured in 10z fetal bovine serum (FBS; Invitrogen Corporation, Grand Island, NY, U.S.A) W RPMI 1640 medium, and the IgE and IgA contents of the culture supernatant were measured by ELISA. 4, 14, 15, 21, 22) The cell viability was measured by trypan blue staining, the viability by this preparation being more than 95z of the total cells.
Enzyme-linked immunosorbent assay of mouse antibodies. IgE and IgA were measured by sandwich ELISA methods, as previously reported. 21, 22, 25) Isolation of mesenteric lymph node T-lymphocyte subsets. To MLN lymphocytes suspended at 1×10 6 cells W 100 ml of 10z FBS W PBS was added 5 ml of either CD4-FITC or CD8-PE monoclonal antibodies (Santa Cruz Biotechnology, Inc, USA), and incubated at 49 C for 30 min. The lymphocytes were rinsed three times with PBS containing 10z FBS and centrifuged at 300×g for 5 min. The stained lymphocytes wereˆxed by 2z paraformaldehyde and counted by EPICS Altra TM ‰ow cytometry (Beckman Coulter, U.S.A). Each analysis, including that of negative control samples, was based on at least 10 Fecal IgA measurement. Fecal pellets from each mouse in each group were collected from 0 to 14 days, and stored at -809 C. These samples were collected and prepared as described by Fukushima et al. 26) In brief, fecal pellets were collected from each mouse, placed in individual microcentrifuge tubes and suspended in a protease inhibitor (0. (IFN-g, IL-2, TNF-a, IL-4 , and IL-10) were measured by ELISA by using cytokine-speciˆc capture and detection monoclonal antibodies as previously described. 15, 21, 22, 27) Statistics. DiŠerences between the means of the individual groups were assessed by a one-way analysis of variance with Duncan's new multiple-range test (SPSS version 7.5, SPSS Institute, Chicago, IL, U.S.A.). DiŠerences of Pº0.05 are considered to be signiˆcant.
28)

Results
Growth variables
The food intake and body weight are shown in Table 1 . The body weight of each mouse in the dextran sodium sulfate (DS)＋cellulose and DS＋Pectin groups was signiˆcantly lower than that of the mice fed on cellulose or pectin alone. The DS＋cellulose group had a lower food intake than the other groups. The diŠerence between the cellulose group and pectin group was signiˆcant, but was not signiˆcantly diŠer-ent for the DS＋cellulose and DS＋pectin groups.
Fecal IgA concentration
After feeding the mice for 5 days to achieve DSinduced acute colitis, the concentration of IgA in the fecal extract was measured over a disease period of 14 days. The results are shown in Fig. 1 . The cellulose-and pectin-fed groups showed a similar response pattern in which the IgA level remained unchanged until 5 days. From day 4 to day 11, the IgA level in the pectin group was higher than that in the cellulose group. Thereafter, the cellulose and pectin groups showed a similar response pattern in which the IgA level remained unchanged until day 14. In the DS group, the IgA level decreased for 9 days after DS-induced colitis. The peak IgA level of the cellulose group was between that of the pectin and DS groups. More interestingly, the IgA level of mice in the pectin group reached a maximum level from 4 to 7 days, and then decreased rapidly. From day 9 to day 14, the pectin and DS＋pectin groups showed a similar response pattern in which the IgA level remained change.
Mesenteric lymph node (MLN) Ig concentration
In the absence of ConA, the IgA concentration after 48 h of incubation of the MLN lymphocytes was higher in the mice fed on pectin than in those fed on cellulose (Fig. 2) . IgA was signiˆcantly lower in the DS group than in cellulose, pectin, and DS＋ pectin groups. The ConA treatment increased the concentration of IgA in cells isolated from both the cellulose-and pectin-fed rats, with the value markedly higher in the latter group. The IgA concentration in MLN lymphocytes from the DS＋pectin group was higher than that in cells from the DS group. In contrast, the IgE concentration in MLN lymphocytes from the DS group was higher than that in the mice fed on DS＋Pectin when ConA was absent. When the cells were cultured with ConA, a similar response pattern was observed. 
MLN lymphocyte T cell population
The proportion of CD4 ＋ and CD8 ＋ T cells in MLN lymphocytes was measured in relation to the changes in Ig concentration. (Table 2) We found a signiˆcant increase in the relative population of CD4 ＋ T cells in the DS-induced colitis group compare to those fed cellulose and pectin. On the other hand, the proportion of CD8 ＋ T cells was higher in the cellulose group than in the pectin group. However, the proportion of CD8 ＋ T cells in cellulose and DS＋Pectin groups remained. Consequently, the ratio of CD4 ＋ W CD8 ＋ cells was lower in mice fed cellulose than the other groups.
Cytokine concentrations in MLN lymphocytes
Various types of lymphokines speciˆcally regulate Ig production by class. When lymphocytes were cultivated for 48 h without ConA, the concentration of IL-2 was generally below the detection limit (Table 3) , although the cells from mice fed on dietary pectin alone had a detectable concentration of IFN-g, while TNF-a was detected at a low concentration in the DS＋cellulose group. In the presence of ConA, the levels of IFN-g and IL-2 were highest in the cells from the pectin-fed groups, although the eŠect on TNF-a was less marked.
DS-induced colitis was accompanied by a disturbance in the IL-4 and IL-10 levels (Table 4 ). In the absence of ConA, all groups had a detectable concentration of IL-10, while IL-4 was below the detection limit. Activation with ConA signiˆcantly enhanced IL-4 and IL-10 production in the cellulose-fed DSinduced colitis group. IL-4 and IL-10 concentrations in the pectin-fed group were no diŠerent from those of the cellulose-fed mice. Interestingly, the mice fed on pectin in the DS-induced colitis group showed lower production of IL-4 and IL-10 than the mice in the other three groups.
Discussion
The underlying mechanism for the eŠect of dietarŷ ber on in‰ammatory bowel disease and the immunological function are not fully understood, although dietaryˆber has been reported to in‰uence the immune function through a change in the intestinal micro‰ora. [29] [30] [31] Several studies have shown that the immunoregulatory eŠect of dietary pectin was apparent when animals were fed for 2 weeks, 14, 16, 17) so we chose this feeding period in the present study.
We developed DS-induced colitis in mice which produced an experimental condition resembling human UC. We examined in the DS-induced colitis mice whether dietary pectin would have a signiˆcant eŠect on Ig and cytokine production in comparison with the eŠect of cellulose. The type of dietaryˆber can in‰uence the composition of short-chain fatty acids (SCFA) produced in the gut. 13) Soluble-ˆber pectin is fermented to acetic acid (approximately 80z of total SCFA) and a minimal amount of butyric acid. In addition, dietary SCFA has been shown to increase the T cell number in the gastrointestinal system, suggesting a possible mechanism for the regulatory in‰uence of dietaryˆber. [32] [33] [34] [35] Pectin increases the water-binding capacity of feces, thereby increasing the fecal weight and volume and altering the consistency of the stool. An interestingˆnding is that pectin is also an important antioxidant, oŠering mucosal protection against the three main causal agents of oxidative damage: peroxyl, superoxide, and hydroxyl radicals. 36) These eŠects might explain why pectin is known to stimulate the gut-associated lymphoid tissue (GALT) system and prevent disruption of the intestinal micro‰ora. 37, 38) As shown in Fig. 1 , mice with DS-induced colitis that were fed on pectin for 14 days showed a signiˆcantly higher level of stool IgA than the DS-induced colitis mice fed on cellulose. In addition, the IgA productivity during a 48-hr incubation of MLN lymphocytes was signiˆcantly higher in the mice fed on pectin than in those fed on cellulose (Fig. 2) . The higher of IgA concentration in the diseased animals might re‰ect greater in Ig-mediated mucosa protection. In contrast, the IgE productivity in the pectin fed-groups was signiˆcantly lower than that in the cellulose-fed groups. In the case of DS-induced colitis, a similar response pattern was apparent with both pectin and cellulose feeding. Compared to the mice fed on cellulose, the IgA concentration of the mice fed on pectin was signiˆcantly higher. Since IgA plays a crucial role in preventing an allergic reaction by interfering with the allergen absorption, 39) this eŠect is worth noticing. In addition, pectin enhanced the MLN IgA production more than cellulose did, and reduced the IgE production by the lymphocytes with DS-induced colitis. Thus, dietary pectin can be expected to alleviate an in‰ammatory reaction in the intestinal immune system.
Cytokines are important factors involved in in‰ammation and in regulating the immune response. IFN-g, IL-2, TNF-a, IL-4, and IL-10 are all important in the initiation, regulation, and perpetuation of in‰ammation in ulcerative colitis and Crohn's disease. [40] [41] [42] [43] [44] We have previously reported that the eŠect of dietary pectin was exerted through the Th1 cell activity. 14, 15) In the present study, we found that, although the eŠect of dietary pectin on IFN-g and IL-2 was strong, the IL-4 and IL-10 concentrations were lower in the mice with DS-induced colitis that were fed on pectin than in the cellulose-fed group. We have demonstrated that the increased cytokines from Th1 cells and the decreased Th2 cells could be reversed by treating with dietary pectin, even after persistent in‰ammation. These data may suggest that treating DS-induced colitis with dietary pectin would strengthen the immune system by regulating such cytokines as IL-4 and IL-10, thereby protecting against colitis-related damage. Therefore, we can state that the inhibitory eŠect of IL-4 and IL-10 by dietary pectin on DS-induced colitis could be mediated by the in‰uence of IFN-g, IL-2, and TNF-a.
Dietaryˆber characteristically modiˆes the proportion of CD4 ＋ and CD8 ＋ T cells in the MLN lymphocytes. 14) CD8 ＋ T cells may regulate the development of CD4 ＋ helper T-(Th) cells by producing IFN-g or other regulatory cytokines which suppress the development of Th2 cells and favor Th1 cell growth. 45) In the current study, dietary pectin increased the proportion of CD4 ＋ and CD8 ＋ T lymphocytes in MLN, which is consistent with what we have previously observed in MLN lymphocytes. 14) As shown in Table 2 , there was a signiˆcant increase of the population of CD4 ＋ T cells in the DS-induced colitis group. Interestingly, the DS＋pectin and cellulose groups were similar in normalizing the CD4 ＋ to CD8 ＋ ratio, indicating the eŠect being mediated by dietary pectin. For this reason, the eŠect of pectin can be expected to be mediated, at least in part, through the diŠerentiation of T cells into Th1 cells.
Considering the response of IgA and IgE to MLN lymphocytes, it is likely that dietary pectin can alleviate the in‰ammation in DS-induced colitis brought about by an abnormal Th2 response. Although the exact mechanism by which dietary pectin modiˆes the immune indices is not apparent at present, the current observations can oŠer a new application of dietary pectin for an immunological role in in‰am-matory bowel disease.
